The paper briefly describes a basic set of special combinatorial engineering frameworks for solving complex problems in the field of hierarchical modular systems. The frameworks consist of combinatorial problems (and corresponding models), which are interconnected/linked (e.g., by preference relation). Mainly, hierarchical morphological system model is used. The list of basic standard combinatorial engineering (technological) frameworks is the following: (1) design of system hierarchical model, (2) combinatorial synthesis ('bottom-up' process for system design), (3) system evaluation, (4) detection of system bottlenecks, (5) system improvement (re-design, upgrade), (6) multi-stage design (design of system trajectory), (7) combinatorial modeling of system evolution/development and system forecasting. The combinatorial engineering frameworks are targeted to maintenance of some system life cycle stages. The list of main underlaying combinatorial optimization problems involves the following: knapsack problem, multiple-choice problem, assignment problem, spanning trees, morphological clique problem.
Introduction
The frame approach for representing knowledge (i.e., collection of frames are linked together into framesystem) has been suggested by Marvin Minsky (e.g., [55] ). In this approach, the frame corresponds to a data structure. In general, it is possible to consider the following three-component system: initial data/information, problem(s) (and corresponding models), and algorithm (or interactive procedure). For many complex applied problems, it is reasonable to examine special composite frameworks (i.e., composite solving schemes) consisting of problems (and corresponding models), which are interconnected/linked (e.g., by preference relation). For example, a basic simplified framework for data processing can be described as follows:
(a) analysis of input data/information and preliminary processing; (b) processing; and (c) analysis of results. Another example of a framework is well-known in decision making. Herbert Simon has suggested his framework for rational decision making (choice problem) (e.g., [60] ): (i) the identification and listing of all the alternatives, (ii) determination of all the consequences resulting from each of the alternatives, and (iii) the comparison of the accuracy and efficiency of each of theses sets of consequences. A modified version of this decision making framework is the following:
Stage 1. Analysis of the examined system/process, extraction of the problem. system design, system maintenance, system testing, etc.). On the other hand, hierarchical approaches are power tools for modeling, analysis, and design of various systems. Fig. 1 depicts the considered domain as system applications, system hierarchical structure, and the basic set of combinatorial engineering frameworks for modular systems. A "two-dimensional" domain for relation between problem(s)/ model(s) and algorithm(s)/solving frameworks is shown in Fig. 2 . This representation illustrates two system directions as an extension of traditional pair "problem/model -algorithm/solving procedure". Our approach is based on typical combinatorial engineering frameworks as k-problem/k-model frameworks for modular systems. Thus, hierarchical modular system models and the above-mentioned combinatorial engineering frameworks are a fundamental for problem structuring and solving in real-world system applications. Fig. 1 . System -hierarchical model -engineering frameworks Applied system, for example: 
Solving framework
Towards Hierarchies
Hierarchies play a central role in system science, in engineering, and in computer science (e.g., [6,7,8, 10,11,57,61]). Generally, it is reasonable to point out some basic types of hierarchies (e.g., [6, 7, 11, 33] ): (1) various kinds of trees (e.g., [6, 11] ); (2) organic hierarchy (i.e., with organic interconnection among children-vertices) [4] ; (3) "morphological hierarchy" (e.g., [14, 17, 26, 28] ); and (4) multi-layer structures ( Fig. 3 ) (e.g., [3, 27, 33, 54, 58, 61] ).
Fig. 3. Multilayer structure
Top layer
A survey of design methoids for hierarchical multi-layer structures is presented in [33] . In the case of trees, spanning tree problems are mainly used to design the tree-like hierarchy (e.g., minimum spanning tree problems, Steiner tree problems, maximum leaf spanning tree problem). Some methods for design of 'optimal' organizational hierarchies (mainly: trees) are examined as well (e.g., [2, 56] ). On the other hand, the following methods are used: various expert procedures, clustering (e.g., hierarchical clustering), ontology-based approaches, Approaches to design of hierarchical networks are based on special combinatorial optimization problems (e.g., [1, 5, 58, 59] In our research projects, the above-mentioned special morphological hierarchy for system modeling is used (Fig. 5 ) (e.g., [14, 17, 26, 28] . 
Combinatorial Engineering Frameworks
The suggested combinatorial engineering frameworks (as basic "design frameworks") can be used as support tools at various stages of system life cycle (Fig. 6) . The extended list of the examined combinatorial engineering frameworks for modular systems is the following (e.g., [17, 19] ):
1. Design of a hierarchical system model (T 1 ).
Hierarchical modular system design (T 2 ):
2.1. basic hierarchical modular system design to obtain a system version (T 21 ), 2.2. hierarchical modular system design to obtain a family of system versions (T 22 ).
Evaluation of system (comparison, diagnostics, etc.) (T 3 ).
4. Detection of system bottlenecks (T 4 ). 5. Redesign (improvement, upgrade, adaptation) (T 5 ): 5.1. basic system improvement ("1-1") (T 51 ), 5.2. system improvement to obtain a family of system versions ("1-m") (T 52 ), 5.3. basic aggregation of system versions into a resultant (aggregated) system ("n-1") (T 53 ), 5.4. aggregation of system versions into a resultant (aggregated) system ("n-m") (T 54 ). 6. Multistage design (i.e., design of a system trajectory) (T 6 ). 7. Modeling of system development/evolution process (flow of system generations) and forecasting (T 7 ). 
The frameworks above can be applied to systems, systems requirements, standards, plans, etc. (e.g., [14, 17, 26] ). A generalized scheme of our research domain is presented in Fig. 7 .
Mainly, several combinatorial engineering frameworks are often used together in applications, for example:
(i) design of system hierarchical model, system design, detection of system bottlenecks, system improvement;
(ii) design of system hierarchical model, detection of system bottlenecks, combinatorial evolution of the system, design of system forecasts, aggregation of the forecasts. 
Conclusion
This paper describes a methodological viewpoint to the set of basic system combinatorial engineering frameworks for maintenance (modeling, design, improvement, etc.) of modular systems with a hierarchical morphological structure. Table 2 contains the list of combinatorial engineering frameworks and corresponding underlying combinatorial optimization problems and combinatorial engineering frameworks. It is necessary to note the system family design/improvement frameworks (T 22 , T 52 , T 54 ) require special additional research efforts. Some author's system design applications based on the combinatorial engineering frameworks are pointed out in Table 3 . Evidently, the considered combinatorial engineering frameworks can be successfully applied in education (engineering, management, computer science, applied mathematics) including student-project based courses in system design (e.g., [18, 21, 23, 24] ).
In the future, it may be prospective to consider the following research directions: I. Methodology: 1.1. examination of various network-like models (e.g., Petri nets) for modular systems; 1.2. further investigation of system evolution/development processes and system forecasting; 1.3. suggestion and investigation of combinatorial engineering frameworks (as special macro-heuristics) for well-known complex combinatorial optimization problems (e.g., timetabling, augmentation problem);
1. Table 3 . System applications and combinatorial engineering frameworks
